the comparisons, allowing him to argue that the relative sizes of the different tooth diameters ('tooth shape') also pointed to Neolithic immigration from China into Southeast Asia (e.g. Matsumura and Hudson, 2004) . These views accorded with a growing consensus amongst historical linguists that the Austroasiatic and Austronesian languages, which dominate Southeast Asia ethnographically, trace their origins to the north.
Other biological anthropologists have presented analyses that support longterm population continuity in Southeast Asia (e.g. Hanihara, 1994; Storm, 1995; Manser, 2005; Demeter, 2006; Pietrusewsky, 2006) . However, only Manser's study found the Neolithic tooth-size reduction model useful. Indeed, Storm instead preferred an alternative explanation of body-size reduction related to post-Pleistocene warming.
The task of this contribution is to rigorously test whether biological adaptations to agriculture, and the use of pottery for cooking, could explain late Holocene craniodental change in Indo-Malaysia -the part of Southeast Asia where my specialisation lies. There are now enough well-dated burial series from Sulawesi, Borneo, Java and Malaya to test two main predictions of the Neolithic tooth-size reduction model:
1. Indo-Malaysian tooth-size should show continual reduction over time, not only between the pre-Neolithic and the Neolithic, but also continuing into the Early Metal Phase (EMP) and modern times.
2. Pre-Neolithic and late Holocene Indo-Malaysians should have similar tooth shape. Depending on the obtained results, the discussion will also briefly examine the efficacy of tooth-size reduction as a driver for late Holocene change in IndoMalaysian cranial shape, and review recent insights from human genetic and osteological comparisons.
Materials and methods
The dental metrical analyses presented here include male and bisexual samples. The male analyses cater for the critical Late Pleistocene Java sample, which is exclusively male. The bisexual analyses enable the inclusion of archaeological teeth that are difficult to sex -for instance, loose teeth, and teeth from subadults -and also cater for series where both males and females, on their own, are sparsely documented. In these analyses, tooth-size comparisons (but less so shape comparisons - Bulbeck, 1981; are prone to distortion due to the samples' variable sex composition, given that male teeth are on average larger than female teeth. However, many of the prehistoric IndoMalaysian samples are dominated by specimens that cannot be sexed, and so they can be analysed only as bisexual samples.
The present coverage of recent Indo-Malaysian populations focuses on Indonesia and the Orang Asli ('aboriginal people') of Malaya, including the Semang 'Negritos'. Several Southwest Pacific and Northeast Asian samples are also included so as to provide a regional context (Table 10 .1). Most of the samples included here are based on dental casts from living subjects or anatomical collections of skulls from persons of known sex. Two exceptions are the ethnohistorical Motu cemetery on Motupore Island, Papua New Guinea (PNG), and the Euston cemetery on the Murray Valley, with an estimated age between 2,000 and 6,000 years ago (Pardoe, 1988) . Postcranial material was available to assist sexing the Motupore skulls (Brown, 1978) but sexing of the Euston skulls relied on cranial size and robustness (Brown, 1981) . A third exception is the 'historical Sulawesi' sample, which mainly comprises geographically dispersed archaeological finds (Table 10 .2). Many of these remains cannot be reliably sexed and so the sample is best treated as bisexual. 
Sample Male sample size Bisexual composition Source
Shanghai Chinese 14-104 ♂ and ♀ about equal Brace et al. 1984 Historical Sulawesi Not applicable More ♂ than ♀ (probably) See Table  10 .2 Jahai Semang, Malaya 13-19 Pooled into Semang sample, more ♂ than ♀
Bulbeck et al . 2005
Batek Semang, Malaya 8-12 Temiar Senoi, Malaya 6-30 ♂ and ♀ about equal Temuan, Malaya 9-16 Pooled into Aboriginal Malay sample, ♂ and ♀ about equal Semelai, Malaya 14-22 Batawi, Java 96-139 More ♂ than ♀ Snell 1938
Surabaya Javanese 35-63 Not available Snell 1938 Motupore Island, PNG 9-11 ♂ and ♀ about equal Brown 1978 Eastern Highlands, PNG 32-53 Not available Doran and Freedman 1974 Walbiri, Central Australia 29-136 Not used Barrett et al. 1963 Barrett et al. , 1964 Euston, Murray Valley 14-27 ♂ and ♀ about equal Brown 1978 Source: All sources listed in the table and cited fully in the references. Note: A. The sample includes teeth dated to the second millennium CE from the Talaud Islands in North Sulawesi (Bulbeck, 1981) , teeth from ethnohistorical burials near Lake Towuti in central Sulawesi (laboratory notes), colonial period Bugis skulls (museum notes), seventeenth to twentieth-century Makassar teeth from Batu Ejaya in southwest Sulawesi (Bulbeck, 2004) , and teeth from seventeenth to nineteenth century 'Macassan' skulls in the Northern Territory (museum notes).
Source: All sources listed in the notes section.
Numerous prehistoric samples from Indo-Malaysia are also available, dating between the Late Pleistocene and the EMP (Table 10. 3). Where the sex composition of the bisexual samples could be assessed, they may have more males than females (the Gua Cha samples), approximately equal numbers of males and females (Mesolithic Java, Gilimanuk) or more females than males (the Niah samples). Some of the samples are composite, especially the 'Early Sulawesi' sample (Table 10 .4). Early Sulawesi, along with Melanta Tutup in Sabah, and Neolithic and EMP Java, lack observations (as placed in the public domain) on some of their tooth diameters. Included for comparison are Khok Phanom Di, Thailand, with burial goods similar to those from Neolithic Malaya (Bellwood, 1993) , and the terminal Pleistocene cemetery from Coobool Creek, in Australia's Murray Valley, for which only buccolingual diameters are available (Brown, 1989) . Notes: A. Tieng reports a radiocarbon date on marine shell of 5700 ± 50 BP for the Guar Kepah shell middens. The calibrated date (Intcal 09), allowing a delta R correction of 15 ± 38 (Singapore), would be 5967-6269 BP (2 sigma). The age of the shell middens serves as a maximum age for the burials. Pot sherds from all levels in the middens, and betelnut staining of the burials' teeth (Bulbeck, 2005b) Notes: A. Unsexed adolescent stratified beneath the EMP cemetery (Bulbeck, 1981) .
B. Teeth from spits 19 to 26, perhaps female, associated with 6-8 ka radiocarbon dates (Bulbeck et al., 2013) . Data exclude teeth too worn for even their buccolingual diameters to be recorded.
C. Primary burial, perhaps male, directly radiocarbon dated to 4610 ± 220 BP (Bulbeck, 2004) .
D. Slightly mineralised remains, some probably male, from pre-ceramic levels (Bulbeck, 2004) .
Source: Includes data from all sources listed in notes and fully cited in reference section.
The statistical application employed in this study is Penrose's (1954) Penrose's size component has the advantage that, when the calculated statistic is expressed as its square root, it is additive along a single dimension. For instance, if A is x larger than B, and B is y larger than C, then A is (x + y) larger than C. A second advantage is that the size difference tracks the average difference between samples in terms of grand standard deviations. So, for instance, if we assign C a size value of 0 (being smallest), and we then compute B's size as 0.5 and A's size as 1.0, we can state that A is on average one standard deviation larger than C, while B is half a standard deviation from both A and C.
Penrose's shape component essentially captures the variance that cannot be attributed to size. To make the shape distances more intuitive, two transformations are performed here. The first transformation is to express the calculated shape distances as their square roots, to convert them to Euclidean distances. The second transformation involves dividing each inter-sample shape distance by the square root of the product (or geometric average) of the average shape distances of the two samples being compared. For instance, if A has an average shape distance of 0.4 from the other samples, and B an average shape distance of 1.6, and their shape distance from each other is 0.8, their transformed (calibrated) shape distance would be 0.8/0.8 (the geometric average of 0.4 and 1.6), or 1. A value of 1 can be thought of as the 'expected' shape distance between any two samples, while values less than 1 (greater than 1) reflect cases of samples that are more similar (less similar) in shape than would be expected. In addition to relating shape differences to a benchmark of 1, this calibration process enables relatively small shape distances between a pair of samples to stand out, whether these samples' shape distances are on average large or small. (This calibration process also accommodates shape distances computed from different selections of variables in the same analysis, as later described for the analysis concerned.)
To present an overall view of the obtained shape distances, the samples are clustered into dendrograms using average linkage. In addition, two refinements are included, to the degree permitted by the dendrogram structure. (The calculations, performed using Excel spreadsheets, are available from the author on request.)
The first refinement involves seriating the samples along a single dimension.
The samples most unlike each other are placed at the two extremes, and the other samples are positioned to the degree that they approach one or the other extreme. The success of the seriation can be calculated as the coefficient of variation between the seriated distances and the most similar, perfect seriation of those distances (see footnotes to Tables 10.5 to 10.8).
The second refinement is to vary the dendrogram's branch lengths according to the represented distances. A long branch in the dendrogram reflects a considerable shape disjunction, and a sample that accumulates great branch length with respect to the analysed samples' final joining distance (represented as 0 in the dendrogram) stands out as generally different from the other samples.
The distance between any two samples is represented by the minimum horizontal distance that has to be traversed in tracing a path, through the dendrogram, that connects the two samples. How successful the traversed horizontal distances are in representing the shape distances can also be calculated in terms of their coefficient of variation. (The algorithm to calculate branch lengths is based on the average within-distance compared with the average outside-distance. For instance, if A and B cluster together at a distance of 0.5, but A is 0.1 farther from the other samples than B is, then the stem length of A is calculated as 0.5/2 + 0.1/2 = 0.3, while the stem length of B is calculated as 0.5/2 -0.1/2 = 0.2.)
Five Penrose size and shape analyses are presented here. The first includes all of the male samples for all tooth diameters. The second analysis also focuses on male samples but is restricted to buccolingual diameters. Buccolingual diameters are not susceptible to reduction through interstitial wear, whereas, when mesiodistal diameters are included, there is a risk that the calculated size and shape distances mainly reflect differences in interstitial wear rates (but see Results). The third analysis includes the bisexual samples for all tooth diameters. The fourth comparison focuses on the same bisexual samples, but only on their buccolingual diameters, for the same reason as with the second analysis. Finally, the fifth analysis includes the four prehistoric Indo-Malaysian samples that are lacking data for some of the tooth diameters (see Results section).
Principal Components Analysis (PCA) was also undertaken of all of the analyses presented here, with the sample means submitted to PCA. In each case, the first principle component captured size, as would be expected of biological data (Joliffe 2002) . The implications barely differ from the implications of the Penrose size analyses, and so it would be redundant to also present the PCA size results. After the 45-84% of variance accounted for by size was removed, the second, third and other principle components captured a maximum of 15% of variance. In most cases, this was too low to allow for ready interpretation. Accordingly, the PCA results are excluded from this contribution.
Results
First analysis: 17 male samples, all 32 diameters
The Penrose size comparisons are presented at the top of Figure 10 .1 ( Figure  10 .1a). The results would be consistent with a scenario of pronounced toothsize reduction in Indo-Malaysia between the Pleistocene and early Holocene, with continuing tooth-size reduction during the Neolithic and recent times. Surabaya males from Java show the smallest teeth, whereas the Late Pleistocene Java sample has the largest teeth, on average 2.3 standard deviations larger than Surabaya Javanese. The two pre-Neolithic Indo-Malaysian samples have larger teeth than the two Neolithic Indo-Malaysian samples, whose teeth are of above average size by recent Indo-Malaysian standards. Also of interest, Shanghai Chinese, and the Motupore males from Papua New Guinea, both resemble recent Indo-Malaysians in their tooth-size, whereas the other three Southwest Pacific samples have teeth that are much larger.
The Penrose shape distances (square roots) are presented at Table 10 .5, both before and after calibration. The order of the samples reflects their order after seriation of the average-linkage dendrogram, which is illustrated in Figure 10 Sources : Snell 1938; Barrett et al. 1963 Barrett et al. , 1964 Jacob 1964; Jacob 1967a Jacob , 1967b Doran and Freedman 1974; Brown 1978; Bulbeck 1981; Brace et al. 1984; Brown 1989; Tayles 1989; Storm 1995; Bulbeck 2001; Détroit 2002; Bulbeck 2004; Bulbeck 2005a; Chia et al. 2005; Manser 2005; Noerwidi 2011-12; Bulbeck et al. 2013 ; this paper. Notes: A. The seriated calibrated distances, in the bottom-left half-matrix, show a tendency to be smallest along the diagonal and to increase with each step away from the diagonal, moving horizontally or vertically. In a perfect seriation, with each horizontal or vertical step away from the diagonal, the distances would increase (or at least stay the same). Therefore, the distances shown here were rearranged into the closest perfect seriation that could be found, and the coefficient of variation (68.8%) calculated between the distances shown here and the rearranged distances.
B. LPJ=Late Pleistocene Java; EA=Euston, Australia; GCH=Gua Cha Hoabinhian; MJ=Mesolithic Java; NGH=New Guinea Highlanders; WLB=Walbiri, Australia; MTP=Motupore Island, PNG; SMJ=Jahai Semang; SMB=Batek Semang; SN=Temiar Senoi; AMS=Semelai Aboriginal Malays; AMT=Temuan Aboriginal Malays; CH=Shanghai, China; JB=Batawi, Java; JS=Surabaya, Java; GCN=Gua Cha Neolithic; NN=Neolithic Niah. Sources : Snell 1938; Barrett et al. 1963 Barrett et al. , 1964 Jacob 1967a; Doran and Freedman 1974; Brown 1978; Brace et al. 1984; Storm 1995; Détroit 2002; Bulbeck 2005a; Manser 2005; Noerwidi 2011-12 . Sources : Snell 1938; Barrett et al. 1963 Barrett et al. , 1964 Jacob 1967a; Doran and Freedman 1974; Brown 1978; Brace et al. 1984; Storm 1995; Détroit 2002; Bulbeck 2005a; Manser 2005; Noerwidi 2011-12. Second analysis: 18 male samples, 16 buccolingual diameters
The Penrose size comparisons are presented at Figure 10 .1b. The results essentially echo those obtained for males using all diameters, with a clear indication of continual tooth-size reduction in Indo-Malaysia from the Pleistocene through the early Holocene, into the Neolithic and recent times. However, the inclusion of Coobool Creek (Late Pleistocene Australia) in the comparison offers two additional insights. First, the Coobool Creek teeth are larger than those of Holocene Australian Aborigines, as emphasised by Brown (1989) . Secondly, Pleistocene Java and Australian teeth appear very similar in size, just as Mesolithic Java tooth-size appears very similar to Holocene Australian tooth-size. Notes: A. The seriated calibrated distances, in the bottom-left half-matrix, show a tendency to be smallest along the diagonal and to increase with each step away from the diagonal, moving horizontally or vertically. In a perfect seriation, with each horizontal or vertical step away from the diagonal, the distances would increase (or at least stay the same). Therefore, the distances shown here were rearranged into the closest perfect seriation that could be found, and the coefficient of variation (73.2%) calculated between the distances shown here and the rearranged distances.
B. CC=Coobool Creek; EA=Euston, Australia; MJ=Mesolithic Java; GCH=Gua Cha Hoabinhian; WLB=Walbiri, Australia; AMS=Semelai Aboriginal Malays; AMT=Temuan Aboriginal Malays; SN=Temiar Senoi; CH=Shanghai, China; JB=Batawi, Java; MTP=Motupore Island, PNG; JS=Surabaya, Java; NN=Neolithic Niah; GCN=Gua Cha Neolithic; NGH=New Guinea Highlanders; SMB=Batek Semang; SMJ=Jahai Semang; LPJ=Late Pleistocene Java. Sources : Snell 1938; Barrett et al. 1964; Jacob 1967a; Doran and Freedman 1974; Brown 1978; Brace et al. 1984; Brown 1989; Storm 1995 However, when the calibrated shape distances (Table 10. The similarity between Australian and New Guinea samples in Figure 10 .2, lacking from Figure 10 .3, suggests the existence of a 'Southwest Pacific tooth shape' based on mesiodistal diameters and their relation to buccolingual diameters. This similarity cannot be attributed to interstitial wear. The Euston Aboriginal teeth were affected by much greater interstitial wear than the Motupore teeth (personal observation). Hence, if interstitial wear were at stake, any Euston-Motupore similarity should be evident in Figure 10 .3, not Figure 10 .2 -the reverse of what we find. Accordingly, the dentition as a whole apparently reflects a genetically based difference between ' Australoids' and 'Mongoloids', detectable notwithstanding differences between populations in their interstitial wear rates.
Third analysis: 19 bisexual samples, all 32 diameters
In the Penrose size comparisons (Figure 10.1c) , the Neolithic/EMP sample from Gua Harimau shows the smallest teeth. The Niah samples also appear relatively small-toothed, with Neolithic Niah smaller than Neolithic Gua Cha, and preNeolithic Niah smaller than Gua Cha Hoabinhians and Mesolithic Java. This however may be affected by the greater representation of females than males in the Niah samples. Another complication is that the Guar Kepah sample, while qualifying as Neolithic, is of similar mid-Holocene antiquity to the Gua Cha Hoabinhians, and indeed their teeth are similarly large. The late Holocene Neolithic samples, for their part, tend to have slightly smaller teeth than the EMP samples. For all that, we can safely conclude that mid-Holocene and earlier Indo-Malaysian teeth appear to have been larger than their late Holocene counterparts.
The shape distances (Table 10. Notes: A. The seriated calibrated distances, in the bottom-left half-matrix, show a tendency to be smallest along the diagonal and to increase with each step away from the diagonal, moving horizontally or vertically. In a perfect seriation, with each horizontal or vertical step away from the diagonal, the distances would increase (or at least stay the same). Therefore, the distances shown here were rearranged into the closest perfect seriation that could be found, and the coefficient of variation (76.0%) calculated between the distances shown here and the rearranged distances.
B. EA=Euston, Australia; GCH=Gua Cha Hoabinhian; MJ=Mesolithic Java; SM=Semang; SN=Temiar Senoi; MTP=Motupore Island, PNG; PNN=pre-Neolithic Niah; GK=Guar Kepah; GCN=Gua Cha Neolithic; AM=Aboriginal Malays; JB=Batawi, Java; CH=Shanghai, China; KPD=Khok Phanom Di; LB=Leang Buidane; LC=Leang Codong; GIL=Gilimanuk; HS=Historical Sulawesi; NN=Neolithic Niah; GH=Gua Harimau.
Sources : Snell 1938; Barrett et al. 1963 Barrett et al. , 1964 Jacob 1964; Jacob 1967a Jacob , 1967b Doran and Freedman 1974; Brown 1978; Bulbeck 1981; Brace et al. 1984; Tayles 1989; Storm 1995; Bulbeck 2001; Détroit 2002; Bulbeck 2004; Bulbeck 2005a; Chia et al. 2005; Manser 2005; Noerwidi 2011-12; Bulbeck et al. 2013 ; this paper. Sources : Snell 1938; Barrett et al. 1963 Barrett et al. , 1964 Jacob 1964; Jacob 1967a Jacob , 1967b Doran and Freedman 1974; Brown 1978; Bulbeck 1981; Brace et al. 1984; Tayles 1989; Storm 1995; Bulbeck 2001; Détroit 2002; Bulbeck 2004; Bulbeck 2005a; Chia et al. 2005; Manser 2005; Noerwidi 2011-12; Bulbeck et al. 2013 ; this paper.
Fourth analysis: 19 bisexual samples, 16 buccolingual diameters
When the Penrose size distances for bisexual samples are limited to buccolingual diameters, the resulting graph (Figure 10 .1d) can be viewed as a clarification of Figure 10 .1c. There is now no overlap in tooth-size between the late Holocene and the mid-Holocene and earlier samples. Moreover, the lack of a systematic size distinction, comparing the Neolithic, EMP and recent/historical samples with each other, is very apparent. (The small size of the Gua Harimau teeth is even more apparent than in Figure 10 .1c.)
The structure of the shape distances (Table 10 .8; Figure 10 .5) is difficult to interpret. The extreme positions of the seriated dendrogram are taken up by Euston Aborigines and Gua Harimau, as in the third analysis. However, the three pre-Neolithic Indo-Malaysian samples now split between Mesolithic Java, which clusters with Euston Aborigines, and pre-Neolithic Niah and Gua Cha Hoabinhians, which seriate adjacently to Gua Harimau. The Neolithic samples (including Guar Kepah) lie in the same half of the dendrogram as Mesolithic Java. Notes: A. The seriated calibrated distances, in the bottom-left half-matrix, show a tendency to be smallest along the diagonal and to increase with each step away from the diagonal, moving horizontally or vertically. In a perfect seriation, with each horizontal or vertical step away from the diagonal, the distances would increase (or at least stay the same). Therefore, the distances shown here were rearranged into the closest perfect seriation that could be found, and the coefficient of variation (66.1%) calculated between the distances shown here and the rearranged distances. B. EA=Euston, Australia; MJ=Mesolithic Java; SM=Semang; GK=Guar Kepah; CH=Shanghai, China; KPD=Khok Phanom Di; MTP=Motupore Island, PNG; NN=Neolithic Niah; GCN=Gua Cha Neolithic; LB=Leang Buidane; SN=Temiar Senoi; AM=Aboriginal Malays; GIL=Gilimanuk; JB=Batawi, Java; LC=Leang Codong; HS=Historical Sulawesi; PNN=pre-Neolithic Niah; GCH=Gua Cha Hoabinhian; GH=Gua Harimau. Sources : Snell 1938; Barrett et al. 1964; Jacob 1967a Jacob , 1967b Doran and Freedman 1974; Brown 1978; Bulbeck 1981; Brace et al. 1984; Tayles 1989; Storm 1995 Sources : Snell 1938; Barrett et al. 1964; Jacob 1967a Jacob , 1967b Doran and Freedman 1974; Brown 1978; Bulbeck 1981; Brace et al. 1984; Tayles 1989; Storm 1995; Bulbeck 2001; Détroit 2002; Bulbeck 2004; Bulbeck 2005a; Manser 2005; Noerwidi 2011-12. Fifth analysis: 23 bisexual samples, up to 32 diameters
The fifth analysis has the complication that it includes four samples lacking data for some of the diameters. The available data for these samples cover 30 diameters (EMP Java), 24 diameters (Neolithic Java and Melanta Tutup) and 23 diameters (Early Sulawesi). Further, when these samples are compared with each other, the number of diameters they have in common may be further reduced, to as few as 16 (Neolithic Java compared with Melanta Tutup). The approach adopted here to missing data is to base the pair-wise comparisons on as many diameters as there are data available.
For the size comparisons, each of the additional four samples was individually compared with the 19 samples (those in the third analysis) on all of the diameters for which the individual sample has data. Of these, EMP Java was found to have smaller teeth than Gua Harimau. Therefore, with EMP Java established as the new 'ground zero' for the size comparisons, the tooth-size of the other samples is represented by their distance from EMP Java for as many diameters as they have in common with EMP Java, up to 30 (Figure 10 .1e). Sources : Snell 1938; Barrett et al. 1963 Barrett et al. , 1964 Jacob 1964; Jacob 1967a Jacob , 1967b Doran and Freedman 1974; Brown 1978; Bulbeck 1981; Brace et al. 1984; Tayles 1989; Storm 1995; Bulbeck 2001; Détroit 2002; Bulbeck 2004; Bulbeck 2005a; Chia et al. 2005; Manser 2005; Noerwidi 2011-12; Bulbeck et al. 2013; this paper. As shown there, the Early Sulawesi teeth are small (as previously noted by Bulbeck, 2004) , smaller than EMP (Leang Codong, Leang Buidane) and historical Sulawesi teeth. The Neolithic Java and Melanta Tutup teeth are small, and the EMP Java teeth are very small. Caution should be exercised in the use of these results, given that they are based on very small sample sizes and incomplete coverage of the dentition. Nonetheless, it is interesting that the late Holocene tooth-size reduction indicated for Java, Borneo and Malaya appears to be reversed for Sulawesi.
Turning to the shape comparisons, we first note that the calibrated shape distances from the third analysis (Table 10 .7) were migrated wholesale to the fifth analysis, supplemented here by the calibrated shape distances that involve the four additional samples. As explained in footnote A to Table 10 .9, the calibrated shape distances in the fifth analysis vary in terms of the tooth diameters used to generate them, but they are comparable in that the value of 1 serves as the benchmark for the 'expected' shape distance in each cell. Figure 10 .6 shows the seriated dendrogram that results from the calibrated shape distances in Tables 10.7 and 10.9. The same general structure emerges as for Figure 10 .4. Euston Aborigines, Gua Cha Hoabinhians, Mesolithic Java, Motupore and pre-Neolithic Niah fall towards one pole, while Gua Harimau, Niah Neolithic and historical Sulawesi fall towards the other pole. The four additional samples take up the extreme position at the latter pole. In other words, Neolithic Java, Melanta Tutup, EMP Java and especially Early Sulawesi (but not the Chinese sample) appear particularly non-Australoid. Thus, the Early Sulawesi sample differs from the other mid-Holocene and earlier Indo-Malaysian samples not just by its smaller teeth but also its distinct dental metrical shape.
Discussion
The first assignment for this study was to test the hypothesis that the advent of agriculture and pottery selected for smaller teeth. The expectation required to confirm this hypothesis was evidence for continual tooth-size reduction in Indo-Malaysia throughout the late Holocene. The male comparisons are broadly consistent with this expectation. However, only two late Holocene, prehistoric samples from Indo-Malaysia qualified for inclusion in these comparisons. Further, one of them, Gua Cha Neolithic males, had slightly smaller teeth than Temiar males, even though Temiar ancestry may have included the population represented by the Gua Cha Neolithic burials (Bulbeck, 2011: 237) . Certainly, when analysis included the bisexual samples, evidence for continual tooth-size reduction throughout that late Holocene was hard to find. For instance, in the fifth analysis, the Neolithic and recent samples overlap comprehensively in toothsize, both falling centrally within the EMP range of variation (Figure 10.1e) . Similarly, Brace and others (1984) could find no evidence for late Holocene toothsize reduction in north China, while in mainland Southeast Asia, the Neolithic teeth from Ban Kao in Thailand are smaller than those of recent Thais, and the Iron Age Dong Son teeth smaller than those of recent Vietnamese (Matsumura and Hudson, 2005 : Figure 3) . Therefore, detailed comparisons appear to falsify the 'Neolithic tooth-size reduction' model.
Keeping to a local evolutionary paradigm, we turn to an alternative possible explanation for the tooth-size reduction which characterises Java, Malaya and Borneo, when late Holocene samples are compared with older samples. This explanation, general body-size reduction, is the one preferred by Brown (1989) for the smaller size of Holocene Murray Valley teeth compared to Coobool Creek. It is also Storm's (1995) proposed explanation for the differences between the Wajak and recent Javanese skulls in their general morphology. However, the available data, sparse as they are, would suggest very large body size in Java right up to the Neolithic (Table 10 .10), despite the small teeth as currently documented for Neolithic Java. As for Malaya, Bulbeck (2011) With the falsification of the two mooted, local evolutionary explanations for tooth-size changes in late Holocene Indo-Malaysia, the incursion of 'new people' with smaller teeth is left as the default explanation. Although this study was not designed to investigate the source of any such newcomers, the fifth analysis did identify a potential candidate -Early Sulawesi. On the available data, the circa mid-Holocene teeth from Sulawesi are of very typical size by the standards of late Holocene teeth across Indo-Malaysia (Figure 10 .1e). The Early Sulawesi teeth also stand at the polar extreme from Australoids in their shape (Figure 10 .6), and so would serve as an appropriate precursor for the markedly non-Australoid tooth shape recorded for late Holocene samples from other locations (notably Neolithic and EMP Java, Melanta Tutup, Gua Harimau and Neolithic Niah). The status of Sulawesi as a donor region is reasonable in view of mitochondrial DNA evidence that it was a centre for the dispersal of the E1a, E2a, M7c1c and D5 haplogroups, which together constitute a substantial proportion of recent Indo-Malaysians' mitochondrial DNA (Hill et al., 2007; Soares et al., 2008) . Note: A. Femur length in natural position (Martin 2), total tibia length (Martin 1) and maximum humerus length (Martin 1) are the definitions employed by Bergman and The (1955) , and also by Noerwidi (2011-12) . Détroit (2002) and Storm (1995) do not define their measurements.
Source: All listed in notes section.
At the same time, the evidence relating tooth-size reduction to broader cranial shape is ambiguous, at best. Table 10 .11 focuses on the 'cranial index' (cranial breadth as a percentage of cranial length) as this is one of the most widely reported observations for prehistoric remains from Indo-Malaysia. The comparison between Wajak and early to mid-Holocene Indo-Malaysians suggests a transition to smaller teeth associated with more elongated, not broader, crania. Late Holocene Indo-Malaysians, for their part, can generally be distinguished from early to mid-Holocene Indo-Malaysians both by their smaller teeth and their broader crania. However, there are exceptions, such as the Puger skull (EMP Java), which combines a narrow braincase with very small teeth.
The dental metrical results outlined here are at variance with recently presented results on the same burial series. Manser (2005) was unable to distinguish between the pre-Neolithic and Neolithic Niah remains on their facial shape, cranial non-metric traits and dental morphology, finding that both resemble recent Southeast Asians, Polynesians and Australian Aborigines. Here, however, we find that the Neolithic teeth from Niah are not only smaller than the preNeolithic teeth, as noted by Manser (2005) , but also different in shape. As for Gua Cha, Bulbeck (2005a) supported earlier findings of population continuity between the Hoabinhian and Neolithic series, consistent with the decision by Matsumura and Hudson (2004) to pool them into a single 'Gua Cha' sample. However, tooth shape analysis would be compatible with a scenario in which the Gua Cha Neolithic burials reflect admixture between the Gua Cha Hoabinhians and Neolithic immigrants from the north, as represented by Khok Phanom Di (Figures 10.4 to 10.6; cf. Bellwood, 1993) . Finally, the Java Mesolithic burials appear to be more homogeneous in their cranial shape (Table 10 .11) and their dental metrics, and more distinct from the Java Neolithic burials, than Détroit (2002) inferred -although this discrepancy may reflect Détroit's reliance on a now superseded, pre-Neolithic dating for the critical Song Keplek 5 burial. Détroit (2002) hypothesised that Indo-Malaysia was a region of population movements, from the terminal Pleistocene onwards, with links to what is now mainland East Asia to the north and New Guinea (and the Northern Territory) to the southeast. The population history of Indo-Malaysians was more of a swirl in all directions of the compass than a two-layer sequence involving indigenous Australoid foragers and immigrant Neolithic farmers. This hypothesis is consistent with Sulawesi's possible status as a source for the small teeth and non-Australoid tooth shape found widely across late Holocene Indo-Malaysia. Détroit's hypothesis is also consistent with the mtDNA findings of Martin Richards and his associates. These findings include significant population movements from Taiwan into Indonesia and from Mainland Southeast Asia into Malaya associated with the introduction of the Neolithic, but also numerous other dispersals into, within and out from Indo-Malaysia's 'entangled bank' (Hill et al., 2007; Soares et al., 2008; Soares et al., 2011; Bulbeck, 2011) .
Colin Groves (1976 Groves ( , 1980 ) developed a strong interest in the macaques and other mammals of Sulawesi, which he explored in the context of both the natural (Groves, 1984) and human-mediated (Groves, 1985 (Groves, , 1995 dispersal of mammals across Indo-Malaysia. Of particular relevance to this paper are his proposals for a sea-borne dispersal of early dogs through Indonesia into New Guinea, and the eastward transport of the Sulawesi warty pig (Sus celebensis) as a domesticate or game animal, prior to the introduction of the dog and pig breeds that could be reasonably associated with the late Holocene migration of Austronesian speakers from Taiwan to Indo-Malaysia. Without reviewing the considerable information now available for human-mediated dispersals of mammals across Indo-Malaysia, we can note that it broadly justifies and indeed extends Colin's open-minded, exploratory perspective on this topic. Colin taught his students to follow the evidence wherever it leads, an approach which this contribution hopefully illustrates.
Conclusion
Analysis of dental metrical data from Indo-Malaysia suggests a three-stage sequence: very large teeth in the Late Pleistocene; large teeth (except for Sulawesi) between the terminal Pleistocene and mid-Holocene; and small teeth during the late Holocene. Evidence for tooth-size reduction between the Neolithic and recent times was hard to find. This falsifies the model that attributes the small size of late Holocene teeth in Indo-Malaysia to changed selection pressures associated with agriculture and cooking in pots. Also, body-size reduction fails as an explanation for late Holocene tooth-size reduction in Borneo, Java and Malaya. Thus, the change appears to reflect the influx of newcomers, whose teeth were not only smaller than those of their mid-Holocene counterparts but also different in 'shape'. Although the study was not designed to investigate the origins of these newcomers, mid-Holocene Sulawesi emerged as a possibility, admittedly based on a small sample with incomplete coverage of the dentition.
